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iESTHACT 

Temporal variation of atreamflows in soiitliwestern Ontario was 
examined over a 30-year period {1950-1979). Changes in flow regime 
ware sought which might be attributed to the effeots of agricultural 
land drainage. 

Annual mean, annual maximum, and ahnual minimum daily streamflows for 
five representative long-tenn stations failed to exhibit any 
diseernible consistent trends, fluctuating instead about the period 
mean in a reflection of annual precipitation patterns. Five stations 
located in amaller basins, and more likely to reflect the impact of 
agricultural drainage, showed similar results for the longest common 
period of record available (196? to 1979). 
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Int,podu;cti0'n. 

The high iotenslty oT ag:rl culture in southwestern Ontario' has 

resulted in the widespread use of underdrain systems and in ditehing 

and ditch clean-outs to facilitate drainage. The benefits of land 

drainage in the .agricultural ccnmunity are well-documented, and 
Include improvements to soil physical properties, earlier dates of 
planting, and timeliness with all farm, operations, ,more efficient 
machine u,se , and iin,pro¥ed crop quality and yields. Little emphasis 
however, has been given until recently to the possible broader 
im^cts of agricultural la,nd drainage. 

I„n the last decade the,re hais been an explosion of interest in man''3 

relationship to his envirO'rao.ent j an,d ,greater attention ha„s come to 
focus on some o,f the environmen'tal consequenoes o,f land drainage. 
Given that land drainage works are built to alter the natural 
distribution of water in space and time, it is to be expected that 
land drainage activities will have implications for the modifioation 
of the hydrologic r'egime of an area. With respect to streamflows, 
two ,lm,portant questions related to the possible effects of land 
drainage arei 

1. Does land drainage significantly increase peak flows in 
streams downstream o,f drainage works? 

2, Does land drainage reduce dry weather flows dO'Wnstream of 
drainage wor,ks? 

The impaet of individual drain construction or elean-'out on 
streamflow may be small. The cumulative effect of seve,ra,l surface 

drains and asaociated tile drainage systems within a drainage basin 
may, howeverj affect the magnitude of both peak flow and dry weather 

flow ,rates. Given the widespread application of agricultural land 
d,rainage throughout southwestern OntariO', one might expect to 
recognize these changes within, the historic daily 3tream,flow record. 
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This paper deals with the temporal variation of flows O'Ver 30 years 
of historic streamflow record in southwestern Ontario- While the 
primary interea.t is with the possible inflyence of iagri cultural land 
drainage, it is recognized that there are other potential causes, for 
temporal changes in streaaiflows, including elimatie factors and 
changing, land use. Although other causative factors are considered 
in passing, 'they are not inve3tiga.ted in detail. 

The hydrolQgie investigation is based on analyses of annual means , 
annual nia.x,liQun daily, and annual minimum daily streamflows, each 

expressed as a ratio of their corresponding, long- tern (30 years) 
mean. The ratios deriveid for five: representative long- term stations 
are used as a basis for e,xa,niini,ng the teraporal and regional 
variability of streamflows in southwestern Ontario. Similar ratios, 
derived for five short-term (13 years,) stations with a high 
proportion of .agricultural land drainage works within their 
watersheds, are then examined for deviations from the "normal"' 
variabilities shown by the lo^ng-term, stations. 

Station Selection 

In southwestern Ontario most of the major land drainage projieots 
date from befo,re World War II, while continuous monitO'ri,ng of 
streamflows by the Water Survey of Canada on, a regional scale did 
not begin until the late ig^Os, and was intensified only in the 
mid- 19503, Many drainage projects in the post-1950s period have 
involved reconstruction O'f existing drains, rather than the new 
drainage of large areas of land. 

The streamflow data for this study were taken fro,m the records 
collected and published by the Water Survey of Canada of the Inland 
Waters Directorate, Canada Department of the Environment. The 
3tre.amflow stationa used are listed in Table 1, and their l^ocations 
are shown on Figure 1. Included in the table are periods of record, 
draina,ge areas above the gauges j and an indication of the dominant 
soils d,rained. 
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BBveml hydrologie regimes (as indicated by topography and sodls for 
purposes of this report) are represented by the .selected streams.. 
The lo.ng-te,ni stations provide regional coverage of streamflows 
originating: fram both the gen,erally flat, clay soils in Huron, 
Perth, and Middle3.ex counties in the south and from the more hilly 
topography and medium and coarse- textured soils in Bruce and Grey 
counties to the north. Is well, because the drainage areas above 
these stations are generally large (greater than 70€ km'^) and 
include a broad range of agricultum.1 land uses, the reeords at 
these stations present a good overview of general streamflow 
eonditions in southwestern Ontario, 

The short-term, atations were selec'ted to examine recent streamflows 
in small sub-basins within the larger drainage basins mentioned 
above. As such, the short-term stations Include the .same variety of 
soils, but beGause of the smaller basin sizes, they are more likely 
to reflect the lmpa.Gt of Ghang,es resulting froii ehang:ing 
agricultural land use and land drainage. 

Data Analysis 

The l0':ng-teni streamflow regim,e in southwestern Ontario was assumed 

to be represented by the 30-year .reference period 1950-1979. Thirty 
years of record is the maximum that could be used, dictated by the 

necessity to include a reasonable ,nu.mber of streams for reg:ional 
representation. 'This period is a useful standard, but has no 
particular hydrol'qgi.eal signifioanee and it does not necessarily 
occupy a noteworthy position in a climatic cycle.. It is however, 
considered, representative of most recent activities in the drainage 
of agricultural Lands. 
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From, the stations In the study area with 30 years of record, five 
stations that were known to be free of slgnifieant diversiO'ns or 
regulations by dams were selected for detailed analysis. For each 
a^tation,, the mean flow for the 30 years of record was calculated and 
each annual va,lue within the period was expressed as a ratio of this 
long-term average. The variation of each year's flows about the 
lo.ng-term mean was then evident. The 5-year moving average of these 
ratios was then c^omputed to smooth the short-term variations and 
assess temporal trends. The above oalculations were performed for 
the annual means, annual maximum, daily and annual .minimum daily 
flows for each station, and the re,sults plotted on rectangular graph 
paper. 

In order to more fully as,ses,s the streamflow oha,racter of the areaj 
a second group of stations with drainage areas less than 500 km^' 
was considered next. These stations were known to have a high 
pereentage of their watershed area under drainage and therefore 
might be expected to differ from t,he long-te,nn, .stations. The ,reco,rd 
available for this group of stations was limited, however, to the 
1967-1979 period. For this group of stations the mean for the 
13-year period was used as the average and the ,analysi3 previously 
performed for the long-term, stations was repeated. 

In the analysis of minlJium daily values for the .smaller 'wa,ter sheds,, 
a oonslderable mimber of zero values were encouotered and the ratics 
derived from, these value,s are not meaningful. In such cases, 
minljmum mon'thly va,lue3 were substituted. 

I graphical approach was u,sed for the final overall assessment. The 
5-year movi'ng average plots of the mean annual, annual maximum 
daily, ,and annual minimum daily flows for each of the individual 
lO'ng-term stations were assembled on a eomm,on ,axi3. This was 
repeated for the short-term stations. The simplicity of this 
grapiiical approach affords maximum opportunity to e,xe,rcise Judgment 
in the interpretation of the data. 
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Trend Analysis At LO'ng-Term Stations 

Figures 2 to 4 are compo'site plots of 5-year m,OYing, aYeragee 
developed in the study to visually examine both the temporal and 
regional variability of streanflows at the long-tera atatlons in 
southwestern Ontario. The pattern formed for each station givers a 
visual indieation of both long, and short-term tempo,ral trends. The 
pattern similarity among stations and the close grouping of curves 
in turn give a measure of the homogeneity of streamflows over the 
entire study area. 

Figure 2 illustrates the ratios of the annual mean discharges to the 
long-te,rm mean for the 1950 to 1979 period. Looking at this 30'-year 
period J no pronounced overall upward or downward trend is observed j 
but rather the annual mean flows fluctuate in a cyclie pattern about 
the mean. In comparing the 5-year moving average eurve of total 
annual precipitation to the streamflow GurveSj it can be seen that 
the streamflow curves are similar to that of the preeipitation, 
indicating, a high measu,re of c Lima tic influence on the annual 
streamflowa. The cycles are interesti^ng in that the drought period 
of the mid-1960s, a well-remembered time in .southwestern Ootarlo, 
shows clearly as the lowest point in the record. Met years in the 
late T960's resulted in a fairly rapid return to the levels observed 
in the early 1950's. The 1970s are characterized by a minor up'ward 
trend with 3li,ghtly beloM' average levels in the early years of the 
decade, followed by a return to the high levels observed in the late 
196O3. The curve patterns for all stations are remarkably similar 
in shape, suggesting, a high measure of climatic and hydrologic 
homo'geneity on an annual basis over the area. 

Fi,gure 3 provides curves of the ratios of the of maxim/um daily 
discharge to the long-term mean for the 1950i-1979 ,p>eri.od, expressed 
aa a 5-,year mov,ing average- 
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Again the same c:yGlic pattern, of fluotuations about the mean is 
seen,, although the range from highs to lows is not as great. The 
impact of the mid-19603 drought is not as pronounced here, but the 
rise to above average levels in the late 1960s and the upward trend 
in the 1970s can be obseTved. Looking at the entire 30-year period, 
there is no ovemll upwa,,rd, or downward trend observed in the maximum 
daily flows. 

Mhlle the curves for all stations show the same pattern of eyclic 
rise and fall, some clearly fluctuate over a greater range than 
others. This difference in variability can probably be attributed 
to differenG:e3 in the basin characteristics of topography and soil. 
The Sydenham River near Alvinstoo, and the Maitland and lusable 
Fivers, all of which drain flat, less permeable, fine-grained soil 
areas are more variable than the Saugeen River and Sydenham River 
near Owen Sound, which flow from more permeable, coarse- textured 
soil areas to the north. 

Figure 4 illustrates the ratios of the annual minimum daily 
discharge to the long-term mean for the 1950'-79 period, expressed as 
a 5-year moving average. While it can be seen that the minimum 
daily flows fluctuate in a cyclio pattern about the mean, the 
patterns are more inconsistent. At three of the stations - the 
Saugeen River near Port Elgin, Ausable liver near Sprlngbank and 
Sydenham River near Alvinston, the minimum daily flows show a 
response similar to that shown by the mean annual flows in Figure 2, 
with no overall upward or downward trend over the 30'-year period. 
In contrast to this, the curves for the Sydenham River near Owen 
Sound and the Maitland River near Donnybrook have a distinet upmrd 
slope, reflecting an increase in the minimum daily flows over the 
30-year period. 
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Trend Analysis at ShQ^rt-Term Statlong 

Figures 5 to 7 are ccmposite plots of 5-year moving averages 
developed to visually exaBiine the temporal and regional ¥ariability 

of streamflows at the short- tera stations. 

Figure 5 provides curves of the ratios of the annual mean discharges 
to the 1967-1979 mean for the short-term stations. Although mo^re 
diffieult to assess because of the eom;imrativBly short period of 
rec0,rdj a eyclic pattern of fluGtuations about the mean is again 
evident. A cofflparison of the curve patterns in Figure 5 with those 
of Figure 2 (mean annua,! discharges for the 1950-1979 period) 
indicates similar temporal and regional variability for both groups. 

Figure 6 provides curves of the ratios of annual maxiiium daily 
discharge to the 1967-1979 mean for the short-term stations, A 
Gom,parl3on of the curves in Figure 6 with those in Figure 3 
indicates that the pattern exhibited in the maximum daily flows at 
the short- te:rm, stations, during- the 19703 is generally similar to 
that of the 1967-79 portion of the long-term stations. While an 
upward trend in the maximum dally flows for the late 1970'3 is 
obaerved in the curves of Figure 6j comparison with the eurve 
patterns in Figure 3 suggeats that the apparent trend may just be 
part of a broader pattern. 

Figure 7 illustrates the ratios of annual minimum daily discharges 
to the 1967 to 1979 mean for the short-term stations. Analysis of 
miniiium flows for the smaller watersheds of some of the short-term 
stations irwluded a considerable numher of zero values. The ratios 

derived from zero values were not neanlngful and min,imum monthly 
'values were substituted in such situations. A curve was not derived 
for South Par kh ill Creek as zero values appeared in the monthly 

record as well. 

The extreme variation in dry weather flows is evident, although some 
similarity of curve patterns during the 1970s between the long-term 
and some short-term stations is evident. The minimum daily flow 
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curve pattern for the station on the Bayfield River near Varna is 
noticeably different, showing a, pronounced downward trend over the 
period 1972 to 1979. A slight downward trend since 1972 for Carriek 
Creek aan alao be observed. 

Sunmary and Conclusions 

The ourves of annual mean and annual maximuni daily flows for the 
long- term streamflow stations in southwestern Ontario for the 

1950'- 1979 peiriod show that flows have fluctuated about the mean in a 
oyelio pattern j which appears primarily to be a reflection of 

climatic conditions. Looking at the entire 30'-year period,, there is 

no apparent overall upward or downward trend. The curves for all 
stations are remarkably consistent, evidence of similar hydrologlc 
response throughout the area. 

The curves of annual minimum daily flows for the lo^ng-term 
streamflow stations also show flows fluctuating about the mean in a 
cyclic pattern. ■Mhile some up'ward and downward trends can be 
observed during the 30 years, the pattern consistency from station 
tO' station is much less evident. At three stations - Saugeen :River, 
Ausable River and Sydenham Hiver, no overall upward or downward 
trend over the 30'-year period is evident. This is contrasted by the 
Sydenham River near Owen Sound and the Maitland River near 
Donnybrook rfiich show a distinct upward trend in the minimum dally 
flows over the 30 -year period. 

The ourves of annual mean and annual maximum daily flows for the 
short-term stations in southwestern Ontario, although difficult to 

assess because of the comparatively short period of record,, ,appear 

to show a response nearly identioal to th,at of the lo^ng-term. 
stations. 

The curves of annual minimum daily flows for the short-te,rm stations 
may be of questionable value in assessing flow variability because a 
eonsiderable ,num,be,r of zero values in the daily and even mo^nthly 
m,ean records prevented uniform analysis at all stations. On the 
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foiar stations for yilch analyses were possible, the Bayfield River 
near Varna shows a distinct downward trend in the annual minimum 
daily flows over the entire period 1972 to 1979| with a ^aaller 
downward trend since 1972 on Car rick Creek, 

From the above observations it is generally evident that the 
analysis of annual mean and annual maximum daily streamflows in 
southwestern Ontario do not show changes on an annual basis for 
areas of intense agricultural land use. There may however, be 
localized effects which have not shown up in this analysis. The 
observed upward trend of minimum daily flows over the past 30 years 
at the Sydenham River near Owen Sound and the Maitland River near 
Donnybrook, and the downward trend of minimum daily flows over the 
past 13 years at the Bayfield River near Varna, and possibly on 
Carrick Creek, require further investigation, A more intensive 
assessment of these basins involving a detailed inventory of 
agricultural land use and drainage and streamflow might provide the 
explanations for the observed trends. 

On a more general scale, further investigations of streamflow data 
over shorter periods, as for example seasonal or even monthly flows | 
may indicate streamflow changes not evident from annual data 
analysis made in this report. An ultimate approach to the question 
of the effects of agricultural drainage on streamflows would involve 
the monitoring of streamflows and changing drainage conditions in 
selected watersheds in order to better understand the degree and 
sensitivity of streamflow responses to agricultural drainage. 



SELECTED BIBLIOGRAPHI 

Cameron J.D., 1979, Common law and land drainage in, Ontario'; 
Canadian Water Reaonrces Journal, Vol. ^, No. 2, pp 34-49. 

Enviroiniient Canadaj 11980, Hlstori:Gal atreamflow sunmary, Ofltario, to 
1979 1 Inland Maters Dir'ectorate . 

EnvironmBnt Canada, 1980, Surface water data referenee index, Canada 
1979 1 Inland Maters Directorate. 

Environment Canada, published annually, Annual meteorological 
sugary,, London ''A''; Atmos^pherio Environiient SerYiee, 

Found tf.C, Hill A,B:., and Spenee E.S., 1974, Eeonome and 

en¥ironmental impacts of land drainage in Ontario | Geographioal 
Monograph lo. 6, Dept. of G^eography, York Uni¥arsity,. 

Found W.C., and Spenee E.S., 1977, The drainage act, 1975: Its 
evolution and posaible impacts i Canadian Mater Heaources 
Journal, Vol. 2, lo. 2,, pp 51-61, 

Hofftaan D.M., Matthewa B.C., and Wicklund R.E., 1964,, Soil 

as.soe,iation3 of aouthern Ontario | Ontario ,Soil ,Su,rvey,, Report 
No. 30. 

Irwin B.W., 1977, Economics of farm, drainage in Ontarioi Ga,na,di,an 
Water Resources Jouriml, Vol. 2, No. 2, pp 62-73. 

Ontario Legislature,, 1974, Agricultural l,and drainage in Ontario, 
final report i Select Comin,lttee on Land D,rainage, 104 pp.. 

White ly H,l.,, 1979, Hydrolqgical implioatlons of l,and drainage; 
Canadian Water Hesourcea Jou,rnal, ¥ol. 4:, ,No. 2, pp 12-19, 



- 10 - 



TABLE 1i STREAMFLOW STATIONS AND WATERSHED CHARACTERISTICS 



Map No. Stn No. 



Station Name 



LCMG-TERM STATIONS 



Drainage 
Years of Area Dominant Soils & 

Record km2 Drainage Characteristics 



1 02FA007 Sydenham River near Owen Sound 19^9-79 



02FC001 Saugeen River near Port Elgin 1916-79 



3 02FE004 Maitland River near Donnybrook 19^8-79 



% 02FF002 Ausable River near Springbank 1948-79 



02GG002 Sydenham River near Alvinston 19^9-79 



SHORT-TERM STATIONS 



18 1 medium textured soils formed on till, 

good drainage 

3960 medium & coarse textured soils formed on 

coarse till, good drainage 

1760 medium & fine textured soils formed on fine 

till, good drainage 

865 fine textured soils formed on till or 

lacustrine sediments, fair drainage 

730 fine textured soils formed on till or 

lacustrine sediments, fair drainage 



i 

T 
8 

10 



02FC011 Carrick Creek near Carlsruhe 1954-79 



02FE0Q3 M. Maitland River near Listowel 1954-79 



02FF007 Bayfield River near Varna 



02FF004 S. Parkhill Creek near Parkhill 1967-79 



02GG006 Bear Creek near Petrolia 



163 medium textured soils formed on till, 

good drainage 

77.7 medium textured soils formed on till, 
fair drainage 



1967-79 466 fine textured soils formed on till, 

good drainage 



41.4 fine textured soils formed on till or 
lacustrine sediments, fair drainage 



1967-79 267 very fine textured soils formed on 

lacustrine sediments, poor drainage 
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Figure 1. 



Locatloii of Streamflow Stations 
^- Long -Terra Station 



- Short-Term Station 
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FIGURE 2. VARIATION OF MEAN ANNUAL FLOW AND TOTAL ANNUAL PRECIPITATION 

AS INDICATED BY LONG-TERM RECORDS FOR THE PERIOD 1950 to 1979 
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FIGURE 3. 



VARIATION OF ANNUAL MAXIMUM DAILY FLOW AS INDICATED 
BY LONG-TERM RECORDS FOR THE PERIOD 1950 to 1979. 
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FIGURE 4, VARIATION OF ANNUAL MINIMUM DAILY FLOW AS INDICATED 
BY LONG-TERM RECORDS FOR THE PERIOD 1950 TO 1979. 
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FIGURE 5 . 



VARIATION OF MEAN ANNUAL FLOW AS INDICATED 

BY SHORT-TERM RECORDS FOR THE PERIOD 1967 to 1979. 
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FIGURE 6. 



VARIATION OF ANNUAL MAXIMUM DAILY FLOW AS INDICATED 
BY SHORT-TERM RECORDS FOR THE PERIOD 1967 to 1979. 
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FIGURE 7 . VARIATION OF ANNUAL MINIMUM DAILY FLOW AS INDICATED 
BY SHORT-TERM RECORDS FOR THE PERIOD 1967 to 1979 . 
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